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Background
This test was conducted as part of the U.S. Department of Energy's (DOE's) Independent Testing project. This project was established to help reduce the barriers of wind energy expansion by providing independent testing results for small turbines. In total, five turbines are being tested at the National Wind Technology Center (NWTC) as a part of this project. Acoustic noise testing is one of up to five tests that may be performed on the turbines, including duration, safety and function, power performance, and power quality tests.
The acoustic noise test was conducted to the IEC 61400-11 Edition 2.1.
Test Turbine Configuration
The test turbine ( Figure 2 ) is a variable speed, free yawing, three-bladed, upwind, furling turbine with a rated power of 10kW. Table 1 lists the basic turbine configuration and operational data. Both sides of each blade tip had trip strips bonded to them. However, it was found that the trip strips on the high pressure sides of all three blades had come off when the turbine was uninstalled in December 2009. Figure 2 shows the electrical diagram for the test turbine installation. Table 2 gives the rotor speed at integer wind speeds. 
Test Site
The test turbine is located at site 3.3a at the National Wind Technology Center, located 8 miles south of Boulder, Colorado, in mostly flat terrain with short vegetation; the roughness length is estimated as 0.05m. The test site has prevailing winds bearing 292 degrees relative to true north. For measurements where it is important to accurately measure wind speed, NREL used data obtained when wind direction was between 214° and 74° degrees true. In this measurement sector, established in accordance with IEC 61400-12-1, the influence of terrain and obstructions on the anemometer and turbine are small. Figure 4 shows the turbine and meteorological tower locations. This figure also shows nearby obstructions and topographical features of the site. A circle indicating 20 rotor diameters is drawn in the map. Table 3 provides the neighboring turbines and their operating status during the noise test. The Controls Advanced Research Turbine CART was running through part of the measurements. Measurements taken when the CART was running were not used for third octave or tonality analysis. They were used for determination of sound power level, after it was verified that the CART did not have an effect and that data blended in with the other data sets.
Pictures of the sound board location, test turbine, and met tower can be found in Appendix A. No picture was taken of the microphone on the soundboard. 
Description of test equipment
All test equipment was calibrated; calibration sheets are included in Appendix B. Table 4 shows the equipment used and calibration due dates. The anemometer was located at 31.2m height.
The data acquisition modules were out of calibration during the test period. They were sent out for posttest calibration and found to be within specification. Thus, no additional uncertainly was added to the results. The post-test calibration sheets are included in Appendix B as well. Table 4 shows the list of instrumentation that was used for the test. Figure 4 shows the location of the instrumentation on the meteorological tower. The meteorological tower was located 2.5 rotor diameters upwind of the turbine in the predominant wind direction. Wind speed was measured and not derived from power. NREL research has shown that this method gives a better correlation with noise data for small wind turbines.
Plots of wind speed, wind direction, air temperature, and air pressure during the measurement period are given in Figure 5 through 7.
A total of 346 ten second data points of turbine data and 156 ten second data points of background data were used in the analysis. Figure 8 shows the measured data pairs. The method of bins was used to calculate the bin average turbine and background sound pressure level. The sound pressure levels at the integer wind speeds were interpolated between bins. The background correction was then applied to the bin averaged values at the integer wind speeds. Figure 9 and Table 5 give the calculated apparent sound power levels, with the combined uncertainty for each integer wind speed. The A-weighted third octave spectra were calculated for each bin. Table 6 and Figure 10 give the results. For several wind speeds, at the high and low frequencies, the separation between turbine and background was insufficient to report a value. Only spectra for bins, in which at least 10 data points were recorded for both turbine and background, are reported. For bands that have no value listed, the background noise was within 3dB(A) of the overall noise. The tonality analysis resulted in one reportable tone for 8, 9, and 10 m/s. The tonality analysis results, including the standard uncertainties, are given in Table 7 . Figure 11 , Figure 12 , and Figure 13 show an example of a 10 second spectrum, with line classification for 8, 9, and 10 m/s. 
Uncertainty
The Type A uncertainty for the apparent sound pressure level is the standard error of the estimated L Aeq and is calculated per the Annex D of the standard for each bin. For the Type B uncertainty, the typical values from the standard are used except for U B7 and U B9 .
For U B7 , an uncertainty of 0.5 m/s is assumed. This value is multiplied by the wind speed dependence (dB(A)/(m/s)) of the sound power level in each bin.
For U B9 , the actual background correction in each wind speed bin is used. For the uncertainty on the third octave bands, the typical values from the standards were used except for U B7 and U B9 . For U B7 a wind speed uncertainty of 0.5m/s was used in combination with the wind speed dependence of the band level. For U B9 , the actual background correction in the band was used. Table 9 lists the values used. For tonality, for the Type B uncertainty, the recommendations from the standard were used. Table 10 shows the values used. 
Exceptions
The control software version was not available. A table with measured rotor speeds is provided in Table  2 . The turbine did not use pitch control.
Exceptions to Standard
The averaging period used was ten seconds, instead of one minute. Research by NREL has shown this provides a better correlation of sound with wind speed.
The sound power level at 7 m/s was reported even though the background noise was within 3-6dB of total noise. If anything, the reported value is conservatively high.
No picture is available of the microphone and wind screen on the soundboard.
DAS modules were out of calibration. The modules were post-test calibrated and found within specification. Thus, additional uncertainty was not necessary.
Exceptions to NWTC Quality Assurance System
There were no exceptions to the test plan.
Deviations from the Test Plan
